Assessment of the BacT/Alert blood culture system: rapid bacteremia diagnosis with loading throughout the 24 h  by Bengtsson, Jonas et al.
ORIGINAL ARTICLE 
Assessment of the BacT/Alert blood culture system: 
rapid bacterernia diagnosis with loading 
throughout the 24 h 
Jonas Bengtsson, Martin Wahl and Peter Lursson 
Department of Infectious Diseases, University of Goteborg, Sahlgrenska University HospitaVOstra, 
Goteborg, Sweden 
Objective: To determine blood culture (BC) diagnostic speed when combining an automated BC system with rapid 
loading of inoculated bottles throughout the 24 h. 
Methods: A total of 111 positive BCs representing bacteremia were investigated in retrospect. All bottles were loaded 
into the BacT/Alert BC system (Organon Teknika) as soon as possible after sampling and time from specimen collection 
to Gram stain result was recorded. 
Results: The mean time from specimen collection to loading was 3.5 h (median 2.1 h). We found that 74% of all positive 
BCs collected during daytime (OS.OCrl6.00) were reported (as Gram stain) to the clinician before 17.00 the next day. For 
specimens collected between 16.00 and midnight the corresponding proportion was 67%. BCs drawn between midnight 
and 08.00 were reported before 17.00 the same day in 24% of the cases. 
Conclusions: Rapid loading of an automated BC system throughout the 24 h results in fast diagnosis of bacteremia. 
The diagnostic speed in this study represents a fair estimation of the maximal diagnostic speed accomplishable in a 
clinical situation with the BacT/Alert system in conjunction with normal daytime laboratory working hours. 
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INTRODUCTION 
Rapid bacteriologic diagnosis is important in the 
clinical care of patients with severe infectious diseases. 
Bacterial identification and susceptibility testing 
provide essential information for the treatment of such 
patients [l]. Today many laboratories use modern 
automated blood culture @C) systems for detection of 
bacterial growth. The almost continuous monitoring of 
inoculated bottles gives faster BC results compared to 
traditional biphasic methods [2] or other manual 
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systems [3,4]. Several different automated BC systems 
have been evaluated and compared for microbial 
recovery and detection speed [5-111. Once bacterial 
growth has been detected, most laboratories still trust 
conventional overnight techniques for identification 
and susceptibility testing. Some studies have shown that 
rapid tests for identification and susceptibility can 
optimize antibiotic therapy at an earlier stage compared 
to conventional techniques [12,13]. Doern et a1 
reported that the number of diagnostic procedures and 
patient costs were reduced with rapid tests for 
identification and susceptibility testing, and that rapid 
testing might even be related to lower mortality [14]. 
Prior to 1993 we used a biphasic BC system and 
bottles were sent to a laboratory LO krn away. Most 
bottles were kept in a 37°C incubator before transport. 
The median time fiom BC collection to Gram stain 
verification of bacterial growth was 2 days (Peter 
Larsson, unpublished observation). Shortly after instal- 
ling the BacT/Alert BC system at  our bacteriologic 
laboratory, we introduced a new routine with the 
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intention that all bottles should be loaded into the 
machine as soon as possible after inoculation. The 
loading procedure was facilitated by the fact that the 
BacT/Alert machine is located next to the wards of the 
Department of Infectious Diseases. 
The aim of this study was to evaluate the effect of 
rapid loading at any time in the 24 h on the speed 
of the BC process. In other words, we wanted to 
determine the diagnostic speed that can be accomp- 
lished in a clinical situation with the BacT/Aiert system 
if transport time is minimized. 
MATERIALS AND METHODS 
Setting and material 
The setting was a Department of Infectious Diseases 
with 86 beds and 4000 annual admissions in a Swedish 
university hospital. All positive BCs collected during 
1994 were included in the study. 
Definitions 
All bottles collected from a patient during a timespan 
of 24 h from inoculation of the first bottle were defined 
as one BC. In general, 15-20min passed before 
inoculation of the next pair ofbottles, but in a few cases 
additional bottles were inoculated several hours later. 
Bacterial or fungal growth in one or several bottles 
denoted the B C  as positive. Whether the microbio- 
logical findings were classified as bacteremia or 
contamination was in most cases documented in the 
patients’ records. If a proper evaluation of the positive 
BC was not clearly stated in the records, the clinician 
responsible for each patient was consulted in retrospect 
(40 of 230 cases, 36 of which were regarded as instances 
of contamination). Cases of fungemia were included in 
the designation ‘bacteremia’. 
Methods 
Standard BacT/Alert bottles (aerobic + anaerobic), 
kept at room temperature, were each inoculated with 
approximately 10 mL of blood. Inoculated bottles were 
kept and transported at room temperature until loaded 
into the BacT/Alert system (Organon Teknika Corp., 
Durham, NC,  USA). All ward personnel were in- 
structed in the simple loading procedure and they 
loaded all specimens that were collected outside 
laboratory working hours. Bottles inoculated during 
workmg hours were loaded by laboratory personnel. 
The first bottle signaling bacterial growth in each 
positive BC was chosen to denote the time from 
specimen collection to Gram stain result. During 
laboratory workng hours (07.30-17.00 Monday- 
Friday and 08.00-13.00 Saturday-Sunday) the policy 
was to unload all bottles as soon as possible after the 
machine signaled bacterial growth. Bottles giving 
positive signals during non-working hours were 
unloaded immediately the next day. Gram stain was 
performed as soon as possible after unloading and the 
clinician was immediately informed of the result by 
telephone. 
Time variables during the process from specimen 
collection to positive Gram stain were documented. 
These four time variables were: (1) time from specimen 
collection and inoculation to loading of bottles into the 
BacT/Alert system; (2) the BacT/Alert machine 
detection time; (3) time from machine detection of 
bacterial growth to unloading of bottles; and (4). time 
from unloading of bottles to result of positive Gram 
stain. Documentation was not available in retrospect for 
the last time variable (no. 4), so it was estimated to 1 .O h 
based on the mean value of a prospective 10-day- 
registration of 39 positive bottles in October 1995. The 
further processing for identification and susceptibility 
testing was performed with traditional overnight 
techniques, but this procedure was not studied. 
Diagnostic speed 
Positive BCs representing bacteremia were divided into 
three groups based on the time of specimen collection: 
daytime group 08.00-16.00, evening group 16.00 
to midnight, and night group 00.00-08.00. The 
percentages of positive BCs reported (as Gram stain 
result) to the clinician before 17.00 the next day 
(daytime and evening BCs) or the same day (night BCs) 
were chosen to illustrate the diagnostic speed. The 
breakpoint at  17.00 was chosen because the laboratory 
working hours end at this time. Thus daytime BCs 
reported positive before closing hours the next day 
were recovered 25-33 h after inoculation. The 
corresponding intervals for the evening and night 
groups were 17-25 h and 9-17 h respectively. 
RESULTS 
A total of 1630 BCs, as defined above, were collected 
during the 1-year period. A mean of 4.3 bottles were 
collected per positive BC and a mean of 2.2 bottles 
yielded bacterial growth per positive BC. We found 
that 14.1% (230/1630) ofall BCs were positive and that 
9.3% (1 5 1 / 1630) were positive, and represented 
genuine bacteremia. Clinicians regarded 34% (79/230) 
of the positive BCs as instances of contamination; 
coagulase-negative staphylococci predominated among 
these, followed by diphtheroids. 
Thirty-seven of the 151 instances of bacteremia 
were excluded because the exact time of specimen 
collection was not available. The loading times of the 
excluded episodes were evenly distributed throughout 
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the day. There were no significant differences between 
the included and excluded instances of bacteremia 
regarding machine detection time or distribution of the 
three major pathogens (data not shown). Another three 
cultures with extreme loading delay (>36 h) were 
excluded because they heavily accentuated the 
asymmetric distribution of the material. Two of them 
were drawn during the first month of the new 24-h 
loading routine and they were probably left in the ward 
by mistake. Hence, 111 positive BCs representing 
bacteremia remained after the described exclusions, and 
all data below refer to them. 
The most common isolates in bacteremia were 
Escherichia coli (24%), Staphylococcus aureus (14%) and 
Streptococcus pneumoniae (14%) (Table 1). 
A majority of all positive BCs representing 
bacteremia (68%) were collected outside laboratory 
working hours with a peak at 17.30 (Figure l), soon 
after laboratory closing hours. The establishment of a 
24-h loading routine resulted in a mean loading delay, 
i.e. the mean time fiom specimen collection to loading, 
of 3.5 h (median 2.1 h) (Figure 2). 
The mean total time h-om specimen collection to 
Gram stain result was 29.9 h in bacteremia (median 
21.5 h). The mean BacT/Alert machine detection time 
of bacterial growth was 19.8 h (median 12.5 h), and 
81% (90/111) of the positive BCs were detected within 
24 h h-om loading (Figure 3) .  The mean machine 
detection times for E .  coli, Staphylococcus aureus and 
Streptococcus pneumoniae were 19.0 h (median 10.8 h), 
15.1 h (median 14.0 h) and 9.5 h (median 10.6 h) 
respectively. The mean time for unloalng positive 
bottles during working hours was 0.4 h (median 0.2 h). 
Table 1 
representing bacteremia 
Microorganism in No. of positive 
Erequency order blood cultures 
Eschm'chia coli 27 
Microorganisms isolated from 11 1 positive BCs 
Staphylococcus aureus 
Streptococcus pneumoniae 
Enterococcus spp. 
Non-group A streptococci" 
Salmonella spp. 
Candida spp. 
Coagulase-negative staphylococci 
Mebsiella spp. 
Streptococcus pyogenes 
Campylobacter jejuni 
OtheP 
16 
16 
8 
8 
6 
5 
5 
5 
5 
3 
7 
Total 111 
"Viridans streptococci (7), group B streptococcus (1). 
bPolymicrobial (2), Clostridium petfringens (l), Enterobacter cloacae (l), 
Haernophilus influenzae (l), Neisseria meningitidis (l), Lactobadus 
reuteri (1). 
The majority of positive BCs (62%) were detected by 
the machine during non-working hours, resulting in a 
mean nocturnal unloading delay of 8.4 h for these 
bottles. The mean time from unloading of positive 
bottles to Gram stain result was estimated at 1 .0 h. 
In terms of diagnostic speed (Figure 4) we found 
that 74% of daytime BCs representing bacteremia were 
reported positive (as Gram stain result) to the clinician 
before 17.00 the next day. The correspondmg 
proportion for evening BCs was 67%. Night-time BCs 
were reported positive before 17.00 the same day in 
24% of the cases. Extrapolation of data (not shown) 
inlcates that an additional 3-5% could have been 
reported before 17.00 the next day if every bottle had 
been loaded immediately after inoculation. 
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for 11 1 positive BCs representing bacteremia. 
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the BacT/Alert. 
Time from specimen collection to incubation in 
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Figure 3 Machine detection time in 111 cases of 
bacteremia: range 2.2-125 h, truncated at 56 h, five 
extremes not shown. 
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Figure 4 The absolute and relative numbers of positive 
BCs in each collection interval reported to the clinician 
before 17.00 the following day (first two columns), or on 
the same day (right column), are shown as filled columns. 
Later reported bacteremias are shaded. 
DISCUSSION 
To obtain accurate and rapid BC results is a self-evident 
objective for all microbiological laboratories. Today, 
many laboratories use automated BC systems with 
almost continuous monitoring of the inoculated 
bottles. The objective of this study was to determine 
the diagnostic speed when combining a rapid 24-h 
loading routine with the use of such an automated 
system. 
The distribution of microbiological findings in this 
study was mainly consistent with other Scandmavian 
studies 115,161. We found that two-thirds of all positive 
BCs were collected outside laboratory working hours, 
with a peak at about 6 PM, which is in accordance with 
data from other departments of' infectious diseases in 
Sweden (Peter Larsson, unpublished data). A possible 
explanation could be the fact that many patients are 
electively transferred to the Department of Infectious 
Diseases from other wards or hospitals during daytime. 
Primary diagnostic procedures, including BCs, are 
thereby delayed by a few hours. 
In our opinion, the loading delay observed in 
this study is most likely close to the minimum time 
achievable in a clinical situation, since transport condi- 
tions were almost ideal. First, the laboratory is located 
close to the wards, and second, a motivated infectious 
disease staff with knowledge and experience of the 
importance of rapid bacteremia diagnosis were respon- 
sible for transport and loading of the BC bottles. 
Furthermore, a loading delay of zero hours would have 
meant only a small percentage gain in positive B C  
recovery before 17.00 the next day. The diagnostic 
speed in this investigation is thus an acceptable 
estimation of the maximal diagnostic speed accomp- 
lishable in a clinical situation. 
An episode of extremely rapid diagnosis of 
Streptococcus pneumoniae bacteremia has recently been 
published [17], illustrating the diagnostic speed that can 
be accomplished when combining immediate loading 
of an automated BC system with rapid identification. 
There may be several possible ways to increase 
diagnostic speed in the future. The development of 
new culture media that further enhance bacterial 
growth may be one. In this study, standard BacT/Alert 
bottles were used. Other studies suggest that FAN 
bottles may detect more Staphylococcus aweus, coagulase- 
negative staphylococci and yeasts, but overall the 
detection time is not improved [18,19]. The develop- 
ment of more sensitive automated BC systems may 
contribute to increased diagnostic speed in the future. 
Many of' the existing systems have been compared in 
clinical studies [5-7,101, and differences have been 
f'ound. However, there are also differences in microbial 
recovery rate and differences in detection speed for 
certain microbes that make it difficult to state the 
superiority of any system over the others. Extended 
laboratory working hours would definitely increase 
diagnostic speed. Positive bottles detected during 
evenings and nights by a continuously monitoring 
machine could be immediately reported and further 
processed. Overall, it seems today that logistic factors 
in the BC process, i.e. transportation and laboratory 
working hours, are much more important for 
diagnostic speed than the choice of automated system 
€or use in bacterial detection. 
In this investigation the process from detection of 
bacterial growth to identification and susceptibility 
testing was not studied. Presently there are no other 
generally accepted methods for this purpose than a 
conventional overnight subculture of a positive BC vial. 
However, some studies have been published on rapid 
techniques for identification and susceptibility testing, 
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using direct inoculation from positive BC bottles 
[13,20,21]. These methods seem promising and might 
result in much more rapid BC results in the future, but 
thus far no such method or device has been approved 
by the Food and Drug Administration (S. L. Hansen, 
personal communication). 
In conclusion, 24-h loading of an automated BC 
system results in rapid diagnosis of bacteremia. The 
diagnostic speed in this study represents a fair esti- 
mation of the maximal diagnostic speed accomplishable 
in a clinical situation with the BacT/Alert system, 
assuming normal daytime laboratory working hours. 
Among future possibilities to increase diagnostic speed, 
new rapid techniques for identification and suscepti- 
bility testing seem promising. 
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